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FIG. 2A
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SHIP MONITORING DEVICE

TECHNICAL FIELD

The present 1invention relates to a ship monitoring device
for, 1n a case where a ship comes alongside a target object
alongside such as another ship or a quay and in a case where
the two ships are moored to each other, providing, to an
operator, information on positional relationships between the
ship and the target, object alongside and between the two
ships moored to each other, and information on a state of
fenders.

BACKGROUND ART

Conventionally, in a case where a ship comes alongside a
target object, an operator needs to pay close attention to
prevent damage to the ship.

In a case where, 1n, for example, well-known STS (Ship-
To-Ship) and FPSO (Floating Production Storage and Ofl-
loading), two ships such as crude o1l tankers come alongside
cach other on the sea and loading and unloading are per-
tformed between the ships, the ships should be close to each
other and moor the ships to each other. Therefore, it 1s
extremely important to design fenders positioned between the
ships and a technique of steering a ship by an operator. Simi-
larly, a technique of steering a ship by an operator 1is
extremely important also 1n a case where the operator causes
own ship to come alongside a quay.

For example, 1n a case where the weather 1s getting worse,
a ship unintentionally approaches to another ship or a quay
too close even with a technique of an operator. This breaks a
tender positioned between the ships or between the ship and
the quay, and, 1n some cases, the ship contacts to the another
ship or the quay and 1s damaged.

In particular, 1n a case where the loading and unloading are
performed at night after the ships are moored to each other, it
1s difficult to visually recognize a state of a mooring rope and
lenders positioned on the sea. It 1s also difficult to know how
much load 1s applied to the mooring rope and the fenders and
in what state the mooring rope and the fenders are.

Therelore, the inventors of the present invention previously
proposed a method and a system for assisting steering/moor-
ing of a vessel (WO 2008/053887 A (Patent Document 1)).

There are similar known techniques including: another
ship target display device disclosed in JP-A-2007-4428
(Patent Document 2); an air pressure monitoring device of a
pneumatic fender and a centralized control system for the
same disclosed 1 JP-A-2010-175298 (Patent Document 3);
and a fender and a management system therefor disclosed 1n
WO 99/20845 A (Patent Document 4).

In a case where ships come alongside each other and in a
case where loading and unloading are perforated while the
ships are being moored to each other, a method and a system
for assisting steering/mooring of a vessel, disclosed in Patent
Document 1 display information on a positional relationship
between the two ships and information on fenders. Thus, the
positional relationship between the ships and a state of the
tenders can be easily understood.

The another ship target display device disclosed in Patent
Document 2 1s configured to display positional and detailed
information on almost all ships existing 1n a predetermined
region around own ship to make an operator easily understand
the positional and detailed information.

In the air pressure monitoring device of a pneumatic fender
and the centralized control system for the same, disclosed 1n
Patent Document 3, a pneumatic fender includes a plurality of
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pressure sensors. The pressure sensors transmit air pressure
sensing signals repeatedly in turn so that transmission states
ol the pressure sensors are continued at predetermined 1nter-
vals. Therefore, the air pressure of the pneumatic fender can
be continuously monitored.

In the fender and the management system therefor, dis-
closed 1n Patent Document 4, information storage means of a
transponder provided 1n each of a plurality of fenders 1s
accessed by a terminal device. Then, information stored in the
information storage means 1s read out, and the read out infor-
mation 1s displayed. In this way, the plurality of fenders 1s
managed.

CITATION LIST
Patent Literatures

Patent Document 1: WO 2008/053887 A
Patent Document 2: JP-A-2007-4428
Patent Document 3: JP-A-2010-175208
Patent Document 4: W(0O99/20845 A

SUMMARY OF INVENTION

Problems to be Solved by the Invention

In a case where own ship comes alongside a target object
alongside such as a quay and another ship and 1n a case where
the two ships are moored to each other, 1t 1s extremely 1mpor-
tant for an operator to know information on a positional
relationship between the ship and the target object and
between the two ships moored to each other, and information
on a state and the like of an air pressure inside a fender serving
as a cushioning material when the ship comes alongside the
target object. A system for enabling two ships to easily come
alongside each other or the like 1s disclosed 1n detail in Patent
Document 1 as described above.

However, while pursuing the development of a system, 1n
some cases, the inventors have come across a deficiency of
information on a state of fenders, which would be provided to
an operator. Therefore, a load was excessively applied to the
tenders. In addition, 1t was found that displaying information
on a positional relationship between two ships with use of
more pieces of information was preferable to improve accu-
racy of displayed information and theretfore to easily steer the
ship. Further, there 1s a problem, 1n how to perform display to
steer the ship more easily in a case where own ship comes
alongside another ship.

An object of the present mvention 1s to provide a ship
monitoring device capable of displaying more pieces of infor-
mation on a state of fenders and theretfore capable of perform-
ing display that allows an operator to steer a ship more easily.
Another object of the present invention 1s to provide a ship
monitoring device capable of displaying positional informa-
tion on ships more accurately and therefore capable of per-
forming display that allows an operator to steer a ship more
casily.

Solutions to the Problems

To achieve the object, a first embodiment of the present
invention provides a ship momtoring device, including: a
display unit configured to display 1n anmimation a position of
the own ship and a position of the target ship alongside to
display a state 1n which the own ship comes alongside the
target ship alongside, based on information on own ship navi-
gating on the sea and information on a target ship alongside;




US 9,334,029 B2

3

an air pressure obtaining unit configured to obtain internal air
pressure information on a plurality offenders serving as a
cushioning material that 1s positioned between the own ship
and the target ship alongside 1n a case where the own ship
comes alongside the target ship alongside; means for receiv-
ing AIS mformation transmitted from an automatic identifi-
cation system (AIS) of the target ship alongside and including
positional information on the target ship alongside; storage
means for storing the recerved AIS information; communica-
tion means for obtaining, from the target ship alongside,
positional information obtained from a global navigation sat-
cllite system; means for manually inputting positional 1nfor-
mation on the target ship alongside; means for rewriting the
positional information on the target ship alongside stored in
the storage means with use of any one of the positional infor-
mation obtained by the communication means and the posi-
tional information manually mnputted; and means for display-
ing the position of the target ship alongside based on the
information stored in the storage means.

According to a first embodiment of the present invention,
the position of the target ship alongside 1s displayed in ani-
mation based on any one of the positional information on the
target ship alongside, which 1s transmitted from the automatic
identification system (AIS) of the target ship alongside, the
positional information on the target ship alongside, which 1s
obtained from the global navigation satellite system, and the
positional information on the target ship alongside, which 1s
manually mputted. Theretfore, based on the latest positional
information on the target ship alongside, the position of the
target ship alongside can be always displayed 1n animation.

To achieve the object, a second embodiment of the present
invention provides a ship monitoring device, including: a
display umt configured to display 1n amimation a position of
the own ship and a position of the target object alongside to
display a state 1n which the own ship comes alongside the
target object alongside, based on information on own ship
navigating on the sea and information on a target object
alongside; a fender mformation obtaining unit configured to
obtain fender information including internal air pressure
information and internal temperature information of a plural-
ity of fenders serving as a cushioning material that 1s posi-
tioned between the own ship and the target object alongside in
a case where the own ship comes alongside the target object
alongside; a storage unit configured to store predetermined
information; means for obtaining the fender information 1n a
state 1n which external force 1s not applied to the fenders and
storing, 1n the storage unit, the obtained fender information as
tender initial information; means for obtaining the fender
information 1n a state 1n which external force 1s applied to the
tenders and calculating a degree of deformation of the fenders
with use of the obtained fender information and the fender
initial information; means for obtaining positional informa-
tion on the own ship and storing the obtained positional
information 1n the storage unit; means for manually inputting
positional information on the target object alongside; means
for storing, 1n the storage unit, the manually mputted posi-
tional information on the target object alongside; and means
for, based on the information stored in the storage means,
displaying the position of the target object alongside and the
position of the own ship and displaying the fender informa-
tion and the degree of deformation.

According to the second embodiment of the present inven-
tion, the positions of the target object alongside and the own
ship are displayed in animation. In addition, the air pressure
and the temperature of each fender and the degree of defor-
mation of the each fender are displayed as the fender infor-
mation.
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Eftects of the Invention

A ship monitoring device 1n the first embodiment of the
present invention can always display a position of a target
ship alongside 1n animation based on the latest positional
information on the target ship alongside. Therefore, accurate
information can be displayed in real time. Further, by using
the ship monitoring device of the present invention, 1n a case
where own ship comes alongside the target ship alongside, a
ship more can be easily steered, as compared with conven-
tional ship monitoring devices. A ship monitoring device in
the second embodiment of the present invention displays the
positions of a target object alongside and own ship 1n anima-
tion. In addition, not only an air pressure and a temperature of
cach fender but also a degree of deformation of the each
tender are displayed as fender information. Therefore, more
pieces ol information on the fenders can be displayed, as
compared with conventional ship momitoring devices. Fur-
thermore, by using the ship momitoring device of the present
invention, in a case where the own ship comes alongside the
target object alongside, a ship can be more easily steered
without excessively applying a load to the fenders.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a block diagram illustrating a ship momitoring
device 1n one embodiment of the present invention.

FIG. 2A 1llustrates a state of a target ship alongside and
own ship on the sea.

FIG. 2B 1llustrates a state of a target ship alongside and
own ship on the sea.

FIG. 3 illustrates a main screen in one embodiment of the
present 1nvention.

FIG. 4 1llustrates a Fender Communication screen 1n one
embodiment of the present invention.

FIG. § 1illustrates an AIS Settings screen 1n one embodi-
ment of the present invention.

FIG. 6 1llustrates a GPS Settings screen 1in one embodiment
of the present invention.

FIG. 7 1illustrates a Gyro Settings screen 1n one embodi-
ment of the present invention.

FIG. 8 1llustrates a Sender Radio Waves Settings screen 1n
one embodiment of the present invention.

FIG. 9 illustrates a Recerver Radio Waves Settings screen
in one embodiment of the present invention.

FIG. 10 1llustrates a Fender Setting screen in one embodi-
ment of the present invention.

FIG. 11 illustrates a Serial Confirmation screen in one
embodiment of the present invention.

FIG. 12 illustrates a Fender Watch Initial Internal Pressure
Measurement screen in one embodiment of the present inven-
tion.

FIG. 13 1llustrates an AIS Communication screen 1n one
embodiment of the present invention.

FIG. 14 1llustrates an AIS Communication screen in one
embodiment of the present invention.

FIG. 15 illustrates a Setting Ships screen 1n one embodi-
ment of the present invention.

FIG. 16 illustrates a Setting Ships screen 1n one embodi-
ment of the present invention.

FIG. 17 1llustrates a FENDER Watch Monitoring screen in
one embodiment of the present invention.

FIG. 18 illustrates a Ship and Fender Monitoring screen in
one embodiment of the present invention.




US 9,334,029 B2

S

FIG. 19 1s an explanatory view of redisplay of positional
information ors own ship and a target object alongside 1n one

embodiment of the present invention.

DESCRIPTION OF EMBODIMENTS

One embodiment of the present invention will be described
below with reference to drawings.

FIG. 1 1s a block diagram illustrating a ship monitoring,
device 1n one embodiment of the present invention. In FI1G. 1,
a ship monitoring device 1 includes a computer 11, a fender
communication unit 12, an AIS communication unit 13, a
GNSS communication unit 14, a gyro communication unit
15, a radio communication umt 16, a display unit 17, and an
operation unit 18. The ship monitoring device 1 1s provided 1n
a pilothouse of a ship.

The computer 11 includes a computer main body, a key-
board, amouse, a storage device, and a display device, and the
like which are well-known 1n the art. A ship monitoring
program, has been previously stored in the storage device of
the computer 11. The computer 11 1s operated by the ship
monitoring program. The computer 11 chronologically
stores, 1n the storage device included in the computer 11,
information obtained from the fender communicationunit 12,
the AIS communication unit 13, the GNSS communication
unit 14, the gyro communication unit 15, and the radio com-
munication unit 16. Based on multiple pieces of the obtained
information, the computer 11 displays positional information
on own ship and another ship or a quay, which serves as a
target object alongside, 1n animation 1n real time. The com-
puter also displays information such as internal air pressures
and internal temperatures offenders on the display unit 17 1in
real time. The computer 11 further displays the multiple
pieces of the obtained information on the display unit 17. In
addition, the computer 11 executes an operation instruction
inputted via the operation unit 18.

The computer 11 stores, 1n the storage device, as fender
state 1nitial information, information recerved from the fend-
ers 1n a state in which external force 1s not applied to the
tenders. Further, the computer 11 chronologically stores, 1n a
storage unit, information (fender state information) received
from the fenders 1n a state 1n which external force 1s applied to
the fenders. The computer 11 further calculates a degree of
deformation of each fender with use of the information
received from the fenders and the fender state inmitial informa-
tion. The computer 11 also chronologically stores, in the
storage umit, information on the degree of deformation, and
displays the information on the display unit 17. Note that the
degree of deformation of the each fender i1s calculated with
use of an mitial internal air pressure and an 1nitial internal
temperature, and an internal air pressure and an internal tem-
perature at a time of measurement.

The fender communication unit 12 performs communica-
tion between the computer 11 and transponders provided in
the respective fenders. Theretfore, the fender communication
unit 12 obtains information on air pressures, temperatures,
and the like 1nside the fenders. The fender communication
unit 12 outputs the obtained information 1n form of digital
data to the computer 11. Usually, a ship or a quay 1s furnished
with four fenders to be used when the ship comes alongside a
quay or another ship. Each of the fenders includes the tran-
sponder including a sensor. The air pressure and the tempera-
ture 1nside the fender are detected by the sensor. Results of
such detection are transmitted by the transponder. The tran-
sponder also transmits not only information on the results of
the detection of the air pressure and the temperature but also
a serial number of the sensor.
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As 1s well known, the AIS (Automatic Identification Sys-
tem) communication unit 13 transmits AIS information on an
identification signal, name, a position, a course, a speed, a
destination, and the like of the own ship in form of digital
data. The AIS communication unit 13 also recetves AIS 1nfor-
mation on a ship around the own ship (another ship) and
outputs such recerved data to the computer 11.

The GNSS (Global Navigation Satellite System) commu-
nication unit 14 includes a GPS (Global Positioning System)
recerver. As 1s well known, the GNSS communication unit 14
receives radio waves transmitted from a plurality of naviga-
tion satellites. In this way, the GNSS communication unit 14
obtains information such as the positional information, speed
information, and posture information of the own ship. The
GNSS communication unit 14 outputs the above information
in form of digital data to the computer 11.

The gyro communication umt 15 includes a well-known
gyroscope. The gyro communication unit 15 detects an angle
and an angular velocity of the own ship. The gyro communi-
cation unit 15 outputs such detected information 1 form of
digital data to the computer 11.

Based on an instruction of the computer 11, the radio
communication unit 16 transmaits the information on the own
ship with use of radio waves having a predetermined fre-
quency. The radio communication unit 16 also receives infor-
mation on another ship transmitted from the another ship. The
radio communication unit 16 also outputs the recerved infor-
mation 1n form of digital data to the computer 11. For
example, the information on the own ship are information on
a position (latitude, longitude) of the ship, information on a
speed (speed, speed direction), information on a bow direc-
tion, information on a shape (length, width) of the ship, infor-
mation on a center of gravity of the ship, information on a
manifold position and regarding on which side (right or lett)
the ship comes alongside another ship, information on a shape
of the fenders, information on the internal air pressures of the
tenders, and information on a position where a GPS reception
antenna 1s provided. Information on the another ship trans-
mitted from the another ship 1s similar to the above informa-
tion. The above information 1s shared, via the radio commu-
nication unit 16, by the own ship and the another ship serving
as the target object alongside. Therelore, 1n a case where the
own ship and the another ship come alongside each other, the
positional information on the own ship and the another ship
can be accurately displayed inreal time onthe display unit17.
A change 1n a1r pressures nside the fenders in real time on the
display unit 17.

The display unit 17 includes a well-known display such as
a liquad crystal display. The display unit 17 displays an image
and a character based on information transmitted from the
computer 11.

The operation unit 18 includes a touch panel, a mouse, and
a keyboard provided to the display of display unit 17. Because
those touch panel, mouse, and keyboard are connected to the
computer 11, the operation unit 18 individually outputs, to the
computer 11, an operation instruction and inputted informa-
tion from an operator 1n form of digital data.

An operation of the ship monitoring device 1n this embodi-
ment will be described with reference to FIG. 2A to FIG. 19.
As 1llustrated 1n FIG. 2A, this embodiment will describe a
case where own ship SP1 comes alongside a quay (S. The
quay QS 1s furnished with four fenders 2A to 2D. The fenders
2A to 2D include transponders 3A to 3D, respectively. Note
that, as illustrated in FI1G. 2B, this embodiment 1s also appli-
cable to a case where, on the sea, the own ship SP1 comes
alongside a target ship alongside SP2 anchored on the sea.
Note that the target ship alongside SP2 1s furnished with a
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ship monitoring device 1 equivalent to a ship monitoring
device 1 with which the own ship SP1 is furnished. The own
ship SP1 1s furnished with four fenders 2A to 2D on a left side
of the ship. The fenders 2A to 2D include transponders 3A to
3D, respectively.

When the ship monitoring device 1 1s started, a main screen
100 1llustrated 1n FIG. 3 1s displayed on a display of the
display unit 17 by the computer 11. A used device commu-
nication-related setting region 101, an nitial setting region
102, a monitoring mode selection region 103, a used device
selection region 104, and a termination button 105 are dis-
played on the main screen 100. At a time of 1nitial starting,
initial setting 1s performed by operating buttons of the used
device communication-related setting region 101, the maitial
setting region 102, and the used device selection region 104.
Thereatter, a monitoring mode 1s selected by operating but-
tons 1n the monitoring mode selection region 103, and then a
monitoring screen 1s displayed. Therefore, 1n a case where the
ship comes alongside another ship, an operator can easily

steer a ship while watching the monitoring screen.
A “Fender com.” button 1014, an “AIS com.” button 1015,

a “GNSS com.” button 101c¢, a “Gyro com.” button 1014, a
“Sender Waves com.” button 101e, and a “Receiver Waves
com.” button 101/ are displayed 1n the used device commu-
nication-related setting region 101.

The “Fender com.” button 101« 1s operated when a setting,
regarding communication performed with the fender commu-
nication unit 12 1s mputted. By pushing the “Fender com.”
button 101a with use of a touch panel, clicking the “Fender
com.” button 101a with use of a mouse, or pushing the
“Fender com.” button 101a by keyboard operation (hereinat-
ter, all those operations are generally referred to as “push™), a
Fender Communication screen 111 illustrated in FIG. 4 1s
displayed by the computer 11. On the Fender Communication
screen 111, a COM port number for use 1n the communication
with the fender communication unit 12 1s mputted and a
transmission rate of data, a bit number of a data bit, a type of
a parity, and a bit number of a stop bit are displayed.

The “AIS com.” button 1015 1s operated when a setting
regarding communication performed with the AIS communi-
cation unit 13 1s mputted. By pushing the “AIS com.” button
1015, an AIS Settings screen 112 illustrated in FIG. § 1s
displayed by the computer 11. On the AIS Settings screen
112, a COM port number, a baud rate, presence or absence of
a parity and a type of the parity, a bit number of a data bit, and
a bit number of a stop bit, which are used for the communi-
cation with the AIS communication unit 13, are set.

The “GNSS com.” button 101c¢ 1s operated when a setting
regarding communication performed with the GNSS commu-
nication unit 14 1s inputted. By pushing the “GNSS com.”
button 101¢, a GPS Settings screen 113 1llustrated 1n FI1G. 6 1s
displayed by the computer 11. On the GPS Settings screen
113, a COM port number, a baud rate, presence or absence of
a parity and a type of the parity, a bit number of a data bit, and
a bit number of a stop bit, which are used for the communi-
cation with the GNSS communication unit 14, are set.

The “Gyro com.” button 1014 1s operated, when a setting
regarding communication performed with the gyro commu-
nication unit 15 1s mputted. By pushing the “Gyro com.”
button 1014, a Gyro Settings screen 114 illustrated in FI1G. 7
1s displayed by the computer 11. On the Gyro Settings screen
114, a COM port number, a baud rate, presence or absence of
a parity and a type of the parity, a bit number of a data bit, and
a bit number of a stop bit, which are used for the communi-
cation with the gyro communication unit 15, are set.

The “Sender Waves com.” button 101e 1s operated when a
setting regarding information transmitted via the radio com-
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munication unit 16 1s inputted. By pushing the “Sender Waves
com.” button 101e, a Sender Radio Waves Settings screen 115
illustrated in FIG. 8 1s displayed by the computer 11. On the
Sender Radio Waves Settings screen 115, which data among,
GPS data, Gyro data, AIS data, and Fender data 1s selected 1s
inputted as data to be transmitted. A serial port number for use
in such transmission 1s inputted on the screen 115. Further, on
the Sender Radio Waves Settings screen 1135, a serial com-
munication speed, presence or absence of a parity and a type
of the parity, a bit number of a data bit, a bit number of a stop
bit, and a type of a communication cable (straight cable or
crossover (reverse) cable) are displayed.

The “Recetver Waves com.” button 101/1s operated when
a setting regarding information recerved via the radio com-
munication unit 16 1s inputted. By pushing the “Receiver
Waves com.” button 101/, a Receiver Radio Waves Settings
screen 116 illustrated 1n FIG. 9 1s displayed by the computer
11. On the Recerver Radio Waves Settings screen 116, which
data among GPS data, Gyro data, AIS data, and Fender data 1s
selected 1s mputted as data to be received. A serial port num-
ber for use in such reception 1s mputted on the screen 115.
Further, on the Receiver Radio Waves Settings screen 116, a
serial communication speed, presence or absence of a parity
and a type of the parity, a bit number of a data bit, a bit number
of a stop bit, and a type of a communication cable (straight
cable or crossover (reverse) cable) are displayed.

In the mitial setting region 102, a “Fender Information”
button 102q, a “Fender Selection” button 1025, a “Fender
Initial Pressure” button 102¢, a “Ship Selection” button 1024,
and a “Ship Information™ button 102e¢ are displayed.

The “Fender Information” button 102a 1s operated when
information on fenders to be monitored 1n terms of air pres-
sure 1s set. By pushing the “Fender Information” button 1024,
a Fender Setting screen 117 illustrated in FIG. 10 1s displayed
by the computer 11. On the Fender Setting screen 117, the
number offenders to be monitored (Fender Number), names
of the fenders (Fender Name), the number of sensors used 1n
cach fender (Transponder Number), serial numbers of the
sensors (Transponder Serial), a shape such as a diameter and
a length of the each fender (Fender Spec.), an initial warning
pressure (Initiatory Warning), a warning pressure (Warning),
an 1nitial pressure (Internal Pressure), and data folder (Data
File Folder) for storing such data are set. Note that informa-
tion, such as names of fenders provided, at a quay serving as
the target object alongside and serial numbers of sensors, 1s
obtained 1n advance by imnquiring of an administrative bureau
of a port, and the obtained information 1s set on the Fender
Setting screen 117. Note that the information on the fenders to
be monitored 1n terms of air pressure can be mputted and
edited as a setting file prepared in a text format. The informa-
tion can be also set with use of inputting and editing software
in a form of a text file.

The “Fender Selection” button 1025 1s operated when
tenders to be monitored 1n terms of air pressure are selected.
By pushing the “Fender Selection™ button 1025, a Serial
Confirmation screen 118 illustrated in FIG. 11 1s displayed by
the computer 11. On the Serial Confirmation screen 118,
serial numbers of sensors (Senal), checkboxes regarding
whether the sensors are selected or not (Set), the number of
times of communication (Count), and names of fenders
(Fender Name) are displayed. In a lower part of the screen, a
“Start” button 118a, a “Finish” button 11854, a “Serial Sort”
button 118c¢, a “Set Serial and Return” button 1184, and a
“Cancel and Return” button 118e are displayed. By pushing
the “Start” button 118a, the serial numbers of the sensors
transmitted from transponders of the respective fenders are
automatically obtained. The obtained serial numbers of the
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sensors are displayed on the screen. By pushing the “Finish
button 1185, a process of obtaiming the serial numbers of the
sensors 1s stopped. By pushing the “Serial Sort” button 118c¢,

the serial numbers displayed by the computer 11 are changed
to be arranged 1n ascending order or descending order. Fur-
ther, 1n a case where, after the names of the fenders are set to
the sensors to be momtored checkboxes corresponding to the
sensors are checked by clicking and the “Set Serial and
Return™ 1184 button 1s pushed, checked sensors and fenders
are selected as objects to be monitored by the computer 11.
Then, the process of selecting the fenders 1s ended and the
main screen 100 1s displayed. Therefore, the names of the
selected fenders and the serial numbers of the selected sen-
sors are automatically displayed on the Serial Confirmation
screen 118 illustrated 1n FIG. 11. By pushing the “Cancel and
Return™ button 118e, the process of selecting the fenders 1s
canceled by the computer 11 and the main screen 100 1s
displayed.

Note that the information, such as the names of the fenders
provided at the quay serving as the target object alongside and
the serial numbers of the sensors, 1s obtained in advance by
inquiring of an administrative bureau of a port. Based on the
obtained information, fenders to be displayed are selected.

The “Fender Initial Pressure™ button 102¢ 1s operated when
information on fenders to be monitored 1s displayed. By
pushing the “Fender Initial Pressure” button 102¢, a Fender
Watch Imitial Internal Pressure Measurement screen 119
illustrated 1n FIG. 12 1s displayed by the computer 11. On the
Fender Watch Initial Internal Pressure Measurement screen
119, the names of the four fenders (Fender) that have been set
on the Fender Setting screen 117 1illustrated 1n FIG. 10, the
serial numbers of the sensors (Transponder), a type of the
tenders (Type), the number of times of obtaining data via
communication (Counter), measured mternal air pressures of
the fenders (P (kPa)), measured internal air temperatures of
the fenders (Temp (° C.)), a recerved signal strength indicator
of aradio wave (RSSI), an average internal air pressure of the
tenders (Internal Pressure), and a direct input unit of internal
air pressure values of the fenders (Direct Entry Counter) are
displayed. In a lower part of the Fender Watch Initial Internal
Pressure Measurement screen 119, the “Start” button 119a
and the “Return” button 11956 are displayed. By pushing the
“Start” button 119a, information (pressure and temperature
measured by each sensor) at a time of pushing the button, 1s
obtained and displayed. Therefore, a pressure (imitial pres-
sure) of each fender can be measured as necessary. By push-
ing the “Return” button 1195, the main screen 100 1s dis-
played.

The “Ship Selection™ button 1014 1s operated when the
own ship and the another ship or quay serving as the target
object alongside are selected. By pushing the “Ship Selec-
tion” button 1024, an AIS Communication screen 120 1llus-
trated 1n FIG. 13 or FIG. 14 1s displayed by the computer 11.

FIG. 13 illustrates a case where the target object alongside
1s a ship. The screen 1s displayed when a check button 120e 1s
set to “Ship”. FIG. 14 1llustrates a case where the target object
alongside 1s a quay. The screen 1s displayed when the check
button 120e 1s set to “Shore”. On the AIS Communication
screen 120 of FIG. 13, a region for selecting the own ship
(Own), aregion for selecting another ship serving as the target
object alongside (Target), maritime mobile service 1dentities
of other ships around the own ship (MMSI), names of the
ships (Ship Name), call signs (Call Sign), international mari-
time organization ship identification numbers (IMQO), a sail-
ing speed of each ship (Speed), longitude where each ship 1s
positioned (Longitude), latitude where each ship 1s posi-
tioned (Latitude), and “Delete” buttons for the respective
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ships are displayed. On the AIS Communication screen 120
of FIG. 14, the region for selecting the own ship (Own), the
maritime mobile service 1dentities of other ships around the
own ship (MMSI), the names of the ships (Ship Name), the
call signs (Call Sign), the international maritime organization
ship 1dentification numbers (IMO), the sailing speed of each
ship (Speed), the longitude where each ship 1s positioned
(Longitude), the latitude where each ship 1s positioned (Lati-
tude), and the “Delete” buttons for the respective ships are
displayed. Note that information on the own ship 1s displayed
at the top. Note that, by pushing the “Delete” button, display
of information on another ship 1n a unit corresponding to the
“Delete” button can be hidden.

In a lower part of the AIS Communication screen 120 of
FIG. 13 and FIG. 14, a “Data Reset” button 120a, a “Sort”
button 12054, a “Set and Return”™ button 120¢, and a “Cancel”
button 1204 are displayed. By pushing the “Data Reset” but-
ton 120qa, the Information on the own ship and information on
all the other ships obtained by the AIS communication unit 13
are mnitialized. Further, obtaining data 1s started again and the
obtained data 1s displayed. By pushing the “Sort” button
1205, distances between the own ship and the other ships are
calculated based on information on the longitude and the
latitude of the own ship and information on the longitude and
the latitude of the other ships, and display order of the other
ships 1s changed so that the distances are arranged 1n ascend-
ing order or descending order. Every time when the “Sort”
button 1205 1s pushed, such display 1s alternately changed so
that the distances are arranged 1n ascending order or descend-
ing order. In FIG. 13 1n which the target object alongside 1s a
ship, by pushing the “Set and Return™ button 120c¢ after the
own ship and another ship are selected, the own ship and the
another ship are set by the computer 11. Then, the main screen
100 1s displayed. In FI1G. 14 1n which the target object along-
side 1s a quay, by pushing the “Set and Return™ button 120c¢
aiter the own ship (ship to be monitored) 1s selected, the ship
to be monitored 1s set by the computer 11. Then, the main
screen 100 1s displayed. Note that an operator can add or
change displayed information by manually inputting infor-
mation. In a case where the own ship comes alongside a quay,
as 1llustrated in FIG. 14, information on all the other ships are
not displayed. By pushing the “Cancel” button 1204, the
process 1s stopped by the computer 11. Then, the main screen
100 1s displayed.

The “Ship Information” button 102¢ 1s operated when the
information on the own ship and the another ship or the quay
serving as the target object alongside 1s displayed and when
the mformation 1s set. By pushing the “Ship Information™
button 102¢, a Setting Ships screen 121 1llustrated in FI1G. 15
1s displayed by the computer 11 in a case where the target
object alongside 1s a ship and a Setting Ships screen 121
illustrated in FI1G. 16 1s displayed by the computer 11 1n a case
where the target object alongside 1s a quay. In FIG. 15 1n a
case where the target object alongside 1s a ship, the ship
serving as the target object alongside 1s displayed as “Ship A”
and the own ship 1s displayed as “Ship B” on the Setting Ships
screen 121. As the information on the “Ship A”, a maritime
mobile service identity (MMSI), name of the ship (Ship
Name), a length of the ship, a width of the ship, a distance
between a tip ol the ship and a GPS device, a distance between
a left wall of the ship and the GPS device, and a position of a
mamnifold are displayed. As the information on the “Ship B”,
a maritime mobile service identity (IMMSI), name of the ship
(Ship Name), a length of the ship, a width of the ship, a
distance between a tip of the ship and a GPS device, a distance
between a left wall of the ship and the GPS device, a distance
between the tip ol the ship and a center of a gravity of the ship,
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and a position of a manifold are displayed. In addition, as
information on fenders (Fender), the number of the fenders
(Number) and a diameter of the fenders (Diameter) are dis-
played. In a case where there 1s information that is not set
among the above information, a corresponding display unitis 5
blank. Note that an operator can add and change information
corresponding to a blank unit and displayed information, by
manually inputting information. In FIG. 16 1n a case where
the own ship comes alongside a quay, mput units of latitude
and longitude of a position where the own ship comes along- 10
side the quay and a direction of the quay are displayed as
information on the quay. Thus, the information is set.

In a lower part of the Setting Ships screen 121, a “SET™
button 121a and a “CANCEL” button 1215 are displayed. By
pushing the “SET” button 1214a, displayed information 1s set 15
by the computer 11 as the information on the own ship and the
information on the another ship or quay serving as the target
object alongside. Then, the main screen 100 1s displayed. By
pushing the “CANCEL” button 1215, the process 1s stopped
by the computer 11. Then the main screen 100 1s displayed. 20

In the used device selection region 104, a checkbox of an
“AIS UNIT” corresponding to the AIS communication unit
13, a checkbox of a “GNSS UNIT” corresponding to the
GNSS communication unit 14, a checkbox ofa “Gyro UNI'T”
corresponding to the gyro communication unit 15, a check- 25
box of a “Waves Sender” corresponding to a transmitter of the
radio communication unit 16, a checkbox of a “Waves
Receiver” corresponding to a recetver of the radio communi-
cationunit 16, and a checkbox of a “Fender Unit” correspond-
ing to the fender communication unit 12 are displayed. A 30
checkbox of a device to be used 1s checked. Note that, in a
case where the target object alongside does not include the
ship monitoring device 1 like a quay, the “Waves Sender”
corresponding to the transmitter of the radio communication
unit 16 of the used device selection region 104 and the “Waves 35
Receiver” corresponding to the receiver of the radio commu-
nication unit 16 are unchecked.

In the monitoring mode selection region 103, a “Fender
Monitoring™ button 103aq and a “Ship and Fender Monitor-
ing”” button 1035 are displayed. 40

The “Fender Monitoring™ button 103a 1s operated when
detailed mnformation on the fenders 1s displayed and a state of
the fenders 1s monitored. By pushing the “Fender Monitor-
ing”” button 1034, a FENDER Watch Monitoring screen 122
illustrated 1n FIG. 17 1s displayed by the computer 11. On the 45
FENDER Watch Monitoring screen 122, the names of the
four fenders that have been set on the Setting screen 117
(Fender), the serial numbers of the sensors (Transponder), the
initial internal air pressures of the fenders (Initial P (kPa)),
measured internal air pressures of the fenders (P (kPa)), the 50
degree of deformation of the fenders (%) (DeiP (%)), the
degree of deformation of the fenders (mm) (Def (mm)),
energy of the fenders (E (kN-m)), reaction force of the fenders
(R (kN)), measured 1nternal air temperatures of the fenders
(Temp (° C.)), and the number of times of obtaining data via 55
communication (Counter) are displayed.

In a lower part of the FENDER Watch Monitoring screen
122, the measured internal air pressures of the respective
tenders (Pressure (kPa)), the degrees of deformation of the
respective fenders (DelP (%)), the energy of the respective 60
tenders (E (kN-m)), and the reaction force of the respective
tenders (R (kN)) are individually displayed by bar graphs 1n
real time. Note that the bar graph of the internal air pressure 1s
usually displayed in yellow. However, 1n a case where the
internal air pressure of any of the fenders becomes the mitial 65
warning pressure that has been set on the Fender Setting
screen 117 illustrated 1n FI1G. 10, the bar graph of the internal

12

air pressure 1s displayed 1n red. Further, 1n a case where the
internal air pressure of any of the fenders becomes a warning
pressure, a warning sound 1s emitted.

In an upper right part of the FENDER Watch Monitoring,
screen 122, a “Start” button, a “Pause” button, a “Return”
button, and a “Restart” button are displayed. By pushing the
“Start” button, a display process 1s started by the computer 11.
By pushing the “Pause” button, the display process is
stopped. In a case where the “Pause” button 1s pushed and the
display process 1s stopped, the display process 1s started again
by pushing the “Restart” button by the computer 11. By
pushing the “Return” button, the display process by the com-
puter 11 1s terminated. Then, the main screen 100 1s dis-
played.

The “Ship and Fender Monitoring™ button 1035 1s operated
when a positional relationship between the own ship and the
another ship or quay, which serves as the target object along-
side, 1s displayed 1n animation 1n real time and when the state

of the fenders 1s monitored 1n real time. By pushing the “Ship
and Fender Monitoring” button 1035, a Ship and Fender
Monitoring screen 123 1llustrated. In FIG. 18 1s displayed by
the computer 11. That 1s, by displaying the Ship and Fender
Monitoring screen 123 in a case where the own ship comes
alongside the another ship, the ship can be easily steered
when the ship comes alongside the another ship.

In a left half of the Ship and Fender Monitoring screen 123,
the own ship SP1 and the another ship or quay QS serving as
the target object alongside are displayed 1n animation. In an
upper part thereof, a region (UP) for selecting whether an
upper direction of animation display indicates north
(NORTH) or a bow (HEADING) 1s displayed.

In a left side of such animation display region, a relative
value display region (Relative) 1s displayed. In the relative
value display region (Relative), a relative speed, a relative
direction, and a relative distance 1n a bow part (BOW SIDE)
of the own ship SP1 with respect to the another ship or quay,
those 1n a center part (CENTER) thereof with respect to the
another ship or quay, and those 1n a stern part (STERN SIDE)
thereof with respect to the another ship or quay are displayed.
As aunit ofthe displayed relative speed, knot (kt) or meter per
second (m/s) can be selected. The relative direction 1s dis-
played as an arrow. The relative distance 1s displayed by
meter.

In a lower side of the animation display region, the infor-
mation on the own ship and the another ship or quay and an
estimated time of arrival (ETA) are displayed. As the infor-
mation on the another ship serving as the target object along-
side, the name of the another ship, the maritime mobile ser-
vice 1dentity of the another shup (Target), the bow direction
(HEADING), and the speed (SPEED) are displayed. Note
that, as a display umit of the speed of the another ship
(SPEED), knot (kt) or meter by second (m/s) can be selected.
As the information on the quay serving as the target object
alongside, name of the quay and a direction (HEADING) 1n
which the quay 1s extended are displayed. As the information
on the own ship, the name of the own ship, the maritime
mobile service identity of the own ship (Own Ship), the bow
direction (HEADING), the speed (SPEED), a lateral direc-
tion distance (DEVIATION) between the own ship and the
another ship, and an inter-ship distance (DIST) between the
own ship and the another ship are displayed. Note that, as a
display unit of the speed (SPEED) of the own ship, knot (kt)
or meter by second (m/s) can be selected. The bow direction
(HEADING) and the speed (SPEED) of the own ship and
those of the another ship, the lateral direction (DEVIATION)

between the own ship and the another ship or quay, the inter-
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ship distance (DIST) between the own ship and the another
ship or quay, and the estimated time of arrival (ETA) are
displayed in real time.

In a right half of the Ship and Fender Monitoring screen
123, the information on the fenders are displayed. As the
information on the fenders, the names of the four fenders that
have been set on the Setting screen 117 (Fender), the mea-
sured internal air pressures of the fenders (Pressure (kPa)),
and the degrees of deformation, of the fenders (DelP (%)) are
displayed. In a lower part thereof, the measured, internal air
pressures of the respective fenders (Pressure (kPa)) and the
degrees of deformation of the respective fenders (DetP (%))
are individually displayed by bar graphs 1n real time.

The computer 11 chronologically stores, 1n the storage
device included in computer 11, the positional information on
the own ship, the positional information, on the target ship
alongside or the target quay alongside, and the fender infor-
mation that have been obtained since the computer 11 had
been started. Based on the positional information on the own
ship, the positional information on the target ship alongside or
the target quay alongside, and the fender information that has
been chronologically stored, as illustrated in FIG. 19, the
position of the own ship, the position of the target ship along-
side or the target quay alongside, and the fender information
can be displayed again with the lapse of time. Note that not
only the positional information on the ships but also time
information are stored. Therefore, by designating what time
to what time, the corresponding information can be displayed
again.

An 1information transmission interval of the AIS 1informa-
tion 1s usually different depending on a moving speed of a
ship. For example, information on a moored ship 1s transmit-
ted every 3 minutes, 1n a case ol a moving ship, ship infor-
mation on the ship 1s transmitted every 2 seconds 1n a case
where a speed of the ship 1s fast and 1s transmitted every 12
seconds 1n a case where the speed of the ship 1s slow. Thus, 1n
a case where only the AIS information 1s used, accurate ship
information cannot be obtained in real time. In the ship moni-
toring device 1 of this embodiment, not only the AIS com-
munication unit 13 but also the GNSS communication unit
14, the gyro communication unit 15, and the radio commu-
nication unit 16 are provided. In the GNSS communication
unit 14, data can be obtained at a high frequency having 2 or
more Hz. Also 1n the gyro communication unit 135, data can be
obtained at a high frequency having 2 or more Hz. The ship
monitoring device 1 of this embodiment further includes the
radio communication unit 16. Theretore, information that the
AIS mformation does not have can be supplied to the target
ship alongside from the own ship. Further, information on the
target ship alongside that the AIS information does not have
can be obtained from the target ship alongside. Therefore, the
ship monitoring device 1 of this embodiment displays, based
on all the obtained information, the positional information on
the own ship, the positional information on the target object
alongside such as another ship and a quay, and the fender
information. Thus, accurate information can be displayed 1n
real time. More pieces of information can be therefore dis-
played on the state of the fenders. In addition, by using the
ship monitoring device 1 of this embodiment, in a case where
the own ship comes alongside the target object alongside, a
ship can be more easily steered, as compared with conven-
tional ship monitoring devices. Further, by using the ship
monitoring device 1 of this embodiment, 1n a case where the
own ship comes alongside the target ship alongside, a ship can
be more easily steered, as compared with conventional ship
monitoring devices.
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The present application 1s based on Japanese Patent Appli-
cations No. 2012-162479 and No. 2012-162486 filed by the

present applicant in Japan on Jul. 23, 2012, the entire contents
of which are incorporated herein by reference.

INDUSTRIAL APPLICABILITY

More pieces of information can be displayed on a state of
tenders and always display positions of own ship and a target
object alongside 1n animation based on the latest positional
information on the target object alongside. Therefore, accu-
rate information can be accurately displayed in real time. By
using a ship monitoring device of the present invention, 1n a
case where the own ship comes alongside the target object
alongside, a ship can be more easily steered, as compared
with the conventional ship monitoring devices.

DESCRIPTION OF REFERENCE SIGNS

1 Ship-monitoring device

11 Computer

12 Fender communication unit
13 AIS communication unit
14 GNSS communication unit
15 Gyro communication unit
16 Radio communication unit
17 Display unit

18 Operation unit

2A to 2D Fender

3A to 3D Transponder

SP1 Own ship

SP2 Target ship alongside

QS Quay

100 Main screen

101 Used device communication-related setting region

101a “Fender com.” button

10156 “AlS com.” button.

101¢ “GNSS com.” button.

1014 “Gyro com.” button

101¢ “Sender Waves com.” button

101/ *“Recerver Waves com.” button

102 Initial setting region

103 Monitoring mode selection region

104 Used device selection region

105 Termination button

111 Fender Communication screen

112 AIS Settings screen

113 GPS Settings screen

114 Gyro Settings screen

115 Sender Radio Waves Settings screen

116 Recerver Radio Waves Settings screen

117 Fender Setting screen

118 Serial Confirmation screen

119 Fender Watch Initial Internal Pressure Measurement
screen

119a “Start” button

11956 “Return” button

120 AIS Communication screen

120q “Data Reset” button

12056 “Sort” button

120c¢ “Set and Return™ button

1204 “Cancel” button

121 Setting Ships screen

121a “SET” button

12156 “CANCEL” button

122 FENDER Watch Monitoring screen

123 Ship and Fender Monitoring screen
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The mvention claimed 1s:

1. A ship monitoring device, comprising:

a display unit configured to display 1n animation a position
of own ship and a position of a target ship alongside to
display a state 1n which the own ship comes alongside
the target ship alongside, based on imnformation on the
own ship navigating on the sea and information on the
target ship alongside;

an air pressure obtaining unit configured to obtain internal
air pressure information on a plurality of fenders serving
as a cushioning material that 1s positioned between the
own ship and the target ship alongside 1n a case where
the own ship comes alongside the target ship alongside;

means for receiving AIS information transmitted from an
automatic 1identification system (AIS) of the target ship
alongside, the AIS information including positional
information on the target ship alongside;

storage means for storing the recerved AIS mnformation;

communication means for obtaining, from the target ship
alongside, positional information obtained from a global
navigation satellite system (GNSS);

means for manually inputting positional information on the
target ship alongside;

a computer for rewriting the positional information on the
target ship alongside included in the AIS information
stored 1n the storage means with use of any one of the
positional information obtained from the GNSS by the
communication means and the positional information
manually mputted; and

means for displaying the position of the target ship along-
side based on the rewritten positional information on the
target ship alongside stored in the storage means.

2. The ship monitoring device according to claim 1, further

comprising;

means for recerving AIS information on ships existing in a
region with a predetermined radius having the position
of the own ship as a center;

means for displaying, based on the received AIS informa-
tion, information on the own ship and information on all
other ships existing 1n the region; and

means for selecting any one of displayed ships as the target
ship alongside.

3. The ship monitoring device according to claim 2, further

comprising:

means for calculating distances between the own ship and
the other ships; and

means for changing, based on the calculated distances,
order of pieces of the information on the other ships so
that the distances are arranged 1n descending order or
ascending order.

4. The ship monitoring device according to claim 2, further

comprising

means for hiding display of a predetermined ship among
the other ships.

5. The ship monitoring device according to claim 1, further

comprising
means for inputting,
as the information on the own ship, one or more of
information on a shape of the own ship, information
on a manifold position and regarding on which side
(right or left) the own ship and the target ship along-
side come alongside each other, information on a
shape of the fenders, and information on a center of
gravity of the own ship, and

as the information on the target ship alongside, one or
more of mformation on a shape of the target ship
alongside, mformation on a manifold position and
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regarding on which side (right or leit) the own ship
and the target ship alongside come alongside each
other, information on a shape of the fenders, and
information on a center of gravity of the target ship
alongside.

6. The ship monitoring device according to claim 1, further

comprising

means for displaying in animation a positional relationship
between the own ship and the target ship alongside in
real time and displaying a value of an internal air pres-
sure of each of the fenders by a bar graph 1n real time.

7. The ship monitoring device according to claim 6, turther

comprising

means for displaying, in real time, a relative speed of the
own ship with respect to the target ship alongside, a
relative distance between the own ship and the target
ship alongside, and an estimated time of arrival at which
the own ship comes alongside the target ship alongside.

8. The ship monitoring device according to claim 1, turther

comprising:

a gyro sensor configured to obtain information on a ship;
and

a receiver configured to receive a radio wave from the

global navigation satellite system (GNSS).

9. The ship monitoring device according to claim 7, further

comprising

means for selecting any one of knot and meter per second
as a unit of the displayed speed.

10. The ship monitoring device according to claim 1, fur-

ther comprising

means for chronologically storing the obtained positional
information on the own ship and the obtained positional
information on the target ship alongside.

11. The ship monitoring device according to claim 10,

further comprising

means for displaying in animation the positions of the own
ship and the target ship alongside in time series based on
the positional information on the own ship and the posi-
tional information on the target ship alongside that have
been chronologically stored.

12. A ship monitoring device, comprising;:

a display unit configured to display in amimation a position
of own ship and a position of a target object alongside to
display a state 1n which the own ship comes alongside
the target object alongside, based on information on the
own ship navigating on the sea and information on the
target object alongside;

a fender information obtaining unit configured to obtain
fender information including internal air pressure infor-
mation and internal temperature information of a plural-
ity of fenders serving as a cushioning material that is
positioned between the own ship and the target object
alongside 1n a case where the own ship comes alongside
the target object alongside;

a storage unit configured to store predetermined informa-
tion;

means for obtaining the fender information 1n a state 1n
which external force i1s not applied to the fenders and
storing, 1n the storage unit, the obtained fender informa-
tion as fender 1nitial information;

means for obtaining the fender information 1n a state 1n
which external force 1s applied to the fenders and calcu-
lating a degree of deformation of the fenders with use of
the obtained fender information and the fender initial
information;
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means for obtaining positional information on the own ship
and storing the obtained positional information in the

storage unit;
means for manually inputting positional information on the
target object alongside;
means for storing, 1n the storage unit, the manually mput-
ted positional information on the target object alongside;
and
means for, based on the information stored in the storage
means, displaying the position of the target object along-
side and the position of the own ship and displaying the
fender information and the degree of deformation.
13. The ship momtoring device according to claim 12,
turther comprising
means for displaying in amimation a positional relationship
between the own ship and the target object alongside 1n
real time and displaying a value of an internal air pres-
sure and a degree of deformation of each of the fenders
by a bar graph 1n real time.
14. The ship monitoring device according to claim 13,
turther comprising
means for displaying, in real time, a relative speed of the
own ship with respect to the target object alongside, a
relative distance between the own ship and the target
object alongside, and an estimated time of arrival at
which the own ship comes alongside the target ship
alongside.
15. The ship momitoring device according to claim 12,
turther comprising:
a gyro sensor configured to obtain information on a ship;
and
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a receiver configured to receive a radio wave from the
global navigation satellite system (GNSS).
16. The ship monitoring device according to claim 12,
further comprising:
means for setting, as a warning air pressure value, a prede-
termined air pressure value that 1s not more than a mini-
mum value within an internal air pressure value range in
which the fenders may be broken; and
means for emitting a warning sound when the internal air
pressure value of any of the fenders reaches the warning
air pressure value.
17. The ship monitoring device according to claim 12,
further comprising
means for chronologically storing the obtained positional
information on the own ship, the obtained positional
information on the target object alongside, the fender
information on each of the fenders, and the degree of
deformation of each of the fenders.
18. The ship monitoring device according to claim 17,
turther comprising,
means for, based on the positional information on the own
ship, the positional information on the target object
alongside, the fender information on each of the fenders,
and the degree of deformation of each of the fenders that
have been chronologically stored, displaying in anima-
tion the positions of the own ship and the target object

.

alongside 1n time series and displaying the fender infor-

il

mation on each of the fenders and the degree of defor-
mation of each of the fenders 1n time series.
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